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摘  要 
氧化锌(ZnO)是典型的宽禁带半导体, 在光电等领域具有很大的应用前
景。由于 ZnO 在常温下呈六方的纤锌矿结构，目前用于生长高质量 ZnO 薄膜
的衬底大部分同样具有六方结构且取向为极性的[0001]晶向。本课题选择具有






ZnO 薄膜的影响，从而探讨提高 ZnO 薄膜质量的方法。 
通过改变薄膜的生长温度，发现随着温度的不断升高，ZnO 薄膜的质量会
先升高再降低，而不是单一的变化。其中生长温度为 370℃时 ZnO 薄膜的表面
质量 好，均方根粗糙度（RMS） 小，超过 370℃时，薄膜的表面质量会降
低。通过透射谱测试发现，薄膜的光学质量不会随着生长温度的变化而变化。
透射电镜（TEM）和 X 射线光电子能谱（XPS）的数据显示，衬底的 Mg2+离子
逃逸到所生长的 ZnO 薄膜中，而 Zn2+离子没有扩散到 MgO 衬底中。通过改变
薄膜的生长时间，发现随着生长时间的增加，ZnO 薄膜的表面质量会先升高再
降低，不是单一方向的变化。其中生长时间为 90min 时，ZnO 薄膜的表面质量
差，样品表面起伏大，均方根粗糙度 大，当生长时间接着增加时，薄膜质
量会慢慢变好。这也反应出在 120min 生长时间内，90min 的生长时间衬底对生
长的 ZnO 薄膜的影响反应程度 大，超过 90min 这个时间，薄膜厚度更大时，
位错等因素的影响明显减小，薄膜质量明显变好。同时，透射谱 (XT) 和光致
发光（PL）谱显示，在生长时间为 90min 时，ZnO 样品的光学质量 好，这与
薄膜表面质量的变化是不同的。因此根据实际需要来确定生长时间是十分必要




















Znic Oxide (ZnO) is a typical wide bandgap semiconductor and is of significant 
potential in optoelectronic applications. As ZnO crystallizes in hexagonal wurtzite 
structure, most high quality ZnO were grown on hexagonal substrates with polar 
[0001] orientation. This thesis studies the growth of ZnO films on MgO (110) 
substrates, motivated by two aspects: (1) the study of the interface behavior between 
ZnO thin films and cubic substrate will be helpful for the integration of active devices 
based on semiconductors and passive devices based on cubic perovskites; (2) the 
growth of ZnO film on the rectangular MgO (110) surface could lead to the non-polar 
rectangular ZnO surface. Experimentally, oxygen plasma-assisted molecular beam 
epitaxy (MBE) was used to grow ZnO film. The ZnO films on MgO (110) substrates 
are found to orient between polar [0001] and non-polar [10-10] directions. To improve 
the crystal quality of epitaxial ZnO thin film on MgO(110) substrates, the 
optimization of growth temperatures and growth time are employed, and the influence 
of temperature and time is discussed. 
By altering films' growth temperatures, the quality of ZnO films was improved 
firstly and then became worse with the increase of temperature. The film quality was 
optimized at the growth temperature of 370 , w℃ ith the smallest surface root mean 
square roughness(RMS). However, all the grown films show the characteristic optical 
properties of ZnO from the transmission spectra. Transmission electron microscopy 
(TEM) and X-ray photoelectron spectroscopy (XPS) analysis showed the existences 
of Mg2+ ions in the grown ZnO thin films. The film qualify was also varied with 
growth time.  For a growth time of 120 mins, the quality of ZnO film reached the 
largest surface root mean square roughness at the growth time of 90 mins; over 90 
mins, as the film becomes thicker, the film quality gradually improves. Interestingly, 
the transmittance spectrum (XT) and the PL spectrum (PL) show the optimized optical 
quality of the growth ZnO samples with the growth time of 90 mins.  
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1.3 ZnO 的基本性质 
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